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@ Thin film diagnostic device. 



@ A thin film diagnostic device capable of detecting the presence of a specific organic material in a sample 
solution. The device comprises a layer of an anodizable colour-generating metal (12) (e.g. tantalum), a porous 
anodic film (t4) containing aluminum oxide overlying the colour generating metal (12), and a reagent capable of 
binding with the specific organic material forming a coating (17) on the anodic film. The porous anodic film (14) 
and the coating (17) have a combined thickness such that a colour change is produced when the specific 
organic materiar binds to the reagent to form a second coating (22). The device can be used to test for biological 
or synthetic products in samples taken from patients or other sources. 
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comDOunds are detected. nresence of specific biological or synthetic 

' r testing of fluids. Particularly body fluids f^^^^^^^ 

materials is becoming an increasingly ''"P°^^* 'J'^^'Sori^^^^^^^ employ sophisticated and expensive 
^d treatment. Such testing is often 'V^t^S^^^^^ view of the expense, but is often tme 

rooSiny of -o^^^^^^^^ °^ *^ '"""demand for simple but reliable tests that can 

?n o"dt to avoid these disadvantages, there is ^ S^^^^ dJ"^^^^^^ by a patient at home or 
be IIZ out at the point of origin of the .^^'^^'^^ commonplace, e.g. it is poss.b e 

^^Tomer convenient location. A variety of °< ^"^J;'^,^^ ^ an absorbent paper strip dipped into 

.oJ fnr a -Method and Member for Detecting and/or Measuring ^ ^ ^^^^^ ^^^^^^ 

Snce in me preferred form, the detection de^ce ^-P^^^^^Vor^ an«^^^^^^ the SIO. layer. 
Sd? layer of detection reactant or counter '^"^^^-^^ ZZt l^ additional dielectric layer. The 
Periled between the SiOa layer and the ;=™ J^^^^^^/^ observable and. when a material 

high voltages- The anodization causes ^.^^'^ ^"""^^'^'^^l^^ZZn a^d reflections from the underlying 



45 



50 



when coated with thin organic films^ improved diagnostic interference device can be 

The present invention is based on the «ndmgt^^ Comprising a porous layer of aluminum ox.de 
produced by utilizing an anodized '"^^.^i'^^^^^^ShJ an index of refracti^^ 
ov^lying a non-aluminum anodizable ^^^^^"^^"^^brad^^^ to tune the index to optimise the 
nrotefn for high sensitivity and the porosity of the o^de c^ be precise thickness 

SviS. The oxide film is fom^ed by '^^'"^ ^ ^ oXsurface as fabricated allows strong 

Sniol Ir high reproducibility -Jirimmunt^^y w"o^ the need for intermediate chem-c^ 
binding of a range of proteins of interest J^^ effects, first an effective refractve index 

^eSnts. The porous nature of the alurninurn ^'"^f/f.f !f '"^%^^„d an enhanced area for binding of 
TXl in the c^ialectric r e^^^^^^^^ c^^gr^e op«ca. thic^ess of the dielectnc 

nrotein to the surface of the film. Both of t^ese en^ 
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detecting the presence of a specific organic nnaterial in a sample solution, said device connprising: a layer 
of an anodizable metal capable of generating a colour when covered' by a transparent layer of suitable 
thickness; a porous anodic film comprising aluminum oxide overlying said colour-generating metal; and a 
reagent capable of binding with said specific organic material from said sample solution forming a coating 

5 on said anodic film; said porous anodic film and said coating having such a combined thickness that a 
colour change is produced when said specific organic material binds to said reagent. 

According to another aspect of the invention there is provided a process for producing a thin film 
diagnostic device capable of detecting the presence of a specific organic material in a sample solution, said 
process comprising: providing a layer of an anodizable metal capable of generating a colour when covered 

10 by a transparent layer of suitable thickness; providing a coating of a material selected from the group 
consisting of aluminum and anodizable aluminum alloys on said metal capable of generating a colour to a 
thickness suitable, following conversion to an oxide of said material, for colour generation; porous anodizing 
said material to consumption to form a porous anodic film; and coating the resulting porous anodic film with 
a reagent capable of binding with said specific organic material from said sample solution. 

75 According to yet another aspect of the invention there is provided apparatus for viewing a thin film 
diagnostic device, comprising a hollow elongated body having a viewing window at one longitudinal end, a 
light deflecting surface at an opposite longitudinal end, an opening to permit the entry of light and a support 
within said body capable of supporting said thin film diagnostic device, said light deflecting surface being 
positioned and orientated to deflect light entering said opening onto said device, and said window being 

20 positioned to view said light reflected from said device. 

The invention and preferred embodiments thereof are described in more detail in the following with 
reference to the accompanying drawings, in which: 

Rg. 1 is a cross-section of* a structure having a layer of aluminum overiying a tantalum layer on a 
substrate; 

25 Hg. 2 is the device of Rg. 1 following porous anodization of the aluminum layer; 

Rg. 3 is an enlarged view of part of the porous layer of Rg. 2: 

Rgs. 4 and 5 are enlarged views similar to Rg. 3 showing layers of antibody and antigens attached 
to the structure; and 

Rgs. 6 (a) and (b) are cross-sections of viewing devices designed to make the colour changes more 
30 readily visible. 

It should be noted that relative dimensions of the various layers and other Items shown in the drawings 
are not intended to be to scale. 

The present invention is based on the creation of a colour change when a target organic material binds 
to a structure capable of generating a colour by interference (and light absorption) effects. As previously 

35 mentioned in connection with the prior art. certain metals are capable of generating such colours when 
covered with extremely thin transparent layers. Changes in thickness of the transparent layers, if large 
enough, produce noticeable changes in the hue of the generated colour. When the change of effective 
optical thickness exceeds about 2.5%. a noticeable colour change is produced. 

More accurately, the parameter which determines the particular colour exhibited by the structure is the 

40 "effective optical thickness" of the transparent layer, i.e. the product of the mdex of refraction of the 
transparent material and the actual thickness of the transparent layer. Consequently colour changes can be 
produced either by a change in the actual thickness of the transparent layer, or by a change of the 
refractive index of the layer, or by a combination of the two. 

When a reagent material is adhered to a non-porous anodic film, the reagent coating Increases the 

45 physical tiiickness of the transparent film overlying the colour-generating metal. When the anodic film is 
porous the reagent coating increases the thickness of the film, and if the reagent penetrates the pores, the 
refractive index of the transparent film overlying the colour generating metal is also changed. When a target 
organic material binds to the reagent material, similar changes in thickness and average refractive index are 
caused and these changes result in a colour change. In practice, however, the reagent coating and the 

50 target organic material layer may each have the thickness of only a single molecule so that the resulting 
changes of tiiickness for a non porous surface may be insufficient to produce noticeable colour changes. In 
the present invention, the anodic film is porous (at least at its outer surface) and this has the effect of 
increasing the surface area to which the reagent material and target organic material can bind, and also of 
producing both thickness and refractive index changes. This enhances the amount of colour change and it 

55 is possible to maximize (or "tune") the colour change for each particular reagent-organic material 
combination by choosing an appropriate thickness and/or porosity of the anodic film to best exploit the 
particular optical or other significant properties of each combination. 

The colour-generating metals which may be employed in the present invention include the so-called 

3 
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.a.e .eta.s. e.g. Ta. U and H,. as we., as ^^^^^^^^ ^,^^3.^; iSVal 
metals which generate colours not only by simple f f;;^"^!^^ j^^^ intensity of the reflected .ight Is 
some o, the light striking the metal --^f- '^f^^^^^^^^^^^^^ ilrterLe is maximized. While 

more comparable with the light reflected from ^'^^J^^^'^^^^^ ^^,,3^ g^aped objects etc.. their relatively 

the colour-generating metals may ^^"^1!^^^ '^^eTrm^^^ tEin layers supported on suitable 
high cost makes it more economical to "^e 'he metels m the fo mo ^ ^^^^ ^ ^^^^^^^ 

ntrJssrrr^ provide .e ..th a layer of aluminum 

,n the process of the present 7«"*;°"' "^^^'^^^^^^^^ technique, or^by any other 

or anodizable aluminum alloy, preferably 7^^!^^^™^°; the range of 600-2400 k because this 
suitable method. The thickness of the aluminum lay^ is J^*^ the g interference 

produces a porous oxide layer, ^f^r^^^^^^^^^^ S^g me ^t^num thickness can be provided in 
colours spanning the first to the fourth orde^_ ^ '^^^J^^^^^^ ^^.^^ to be extremely sensitive to 

25A are readily detectable by the eye '''^^^"'^ ^^^l"'^^^^^ anodizable aluminum alloy, e.g. any of the 
The aluminum layer may «,ns.J ^1^^^^^^^ °' Z£^9 Aluminum- by A. W. Brace and P. G. 

aluminum alloys. deoosited it is subjected to porous anodization. This may be 

Once the aluminum layer »^as ^^een dep<witeO. it s ' ^ient temperatures in 

carried out at a voltage of up to 150V. 'jJ^^J^J^^^^^^ acid or oxalic acid, or mixtures 

an elec&o1yte containing a 'uSS is completely consumed and the current has 

thereof. The anodization is continued ""^^^^^^T'^^^^^^ layer of oxide on the colour- 

tZ'^.::Z':::^:::XXT: ^ ^J^^ - ..d before bemg coated the 

' ^^-?h"::e1^2t .ateri. used in the present l^^-^TZ^t 
selectively bind together ^/^?7P'";^,JJ.5^^^^^ °aLd avWin'biof n. Since monoclonal antibodies 

substrate, enzyme-receptor tox.rvreceptor pri^J" ^^^^ and ^^^^^ 

specific to a Wide variety of ^^^''^''^JZ^^^^^ ^f gu^le antibodies include those from the 
5 of an antibody-antigen pair is most preferred, ^""^^^ "y^^ anti-antibiotics and anti-anti HIV (AIDS)- 
Casses igG (e.g. antiprothrombin^^ rihTeToSS^miSrdiS^^^ ^ testing for a large 

iX^f^Srro;^^ :Snrorr;rSu^ Of metabonsm> as wel, as synthe«c materials 
(such as anti-biotics. illicit drugs, etc.) can /l^^^'^P!"- ^5 ^^ g g. by dissolving the reagent in 

„ The reagent material can be coated rd Jvely ^"V^^J;^ 73'^",^S film t^ stand. e.g- for up to 24 
a suitable solvent, coating the solution ™^^,J„V^ith a buffer solution, and then drying 

hours, and then removing excess ^^^^mg solution, e.g^y washing^w^ adsorption, but 

the coated film. The reagent nom^ally t^S^^'Ji^*^ b7nrqu«^^°"9'y ^ '""^ ^^^'^ """^ 

standard protein binding techniques may also be "f^'^J^'^'^^SnTLpendent proteins such as 
« while other P-telns bind with ^^^^tfofin^-^^^^^ '"'fact are routinely removed 

rSrarad^oSrL^^^^^ type of colour-genera«ng 

T^e initial colour of the test device of ttie inventon '^^^P^^^^J J° p,us reagent 

metal employed, the *'-'<"^^f ^ ;tr^'"'!^,^^on^^^^^ 
50 coating), the angle of '"'^f "l^a^l^f provided a colour is produced 

response of the device. ^''^^•^^^''JXr^^^^^e (Zu\r^ noticeable colour change is produced, 
when the target molecule binds to the devi^so*^ the re^^^^^ containing several 

The device of the invention ,s nonnally ^^^^^^ J^'^.f^^^^^^^^^ instid. Any device which 

wavelengths of different intensity. a change of intensity in 
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containing more than one wavelength. Changes of light intensity can be measured very sensitively by 
known apparatus (e.g. a photometer) and changes in color not easily detectable by the naked eye can be 
measured by known apparatus (e.g. a spectrophotometer). However, even for the naked eye. the contrast 
between the original colour and the colour following exposure to the material to be detected can usually be 

5 enhanced by illuminating the surface with a non white light source containing the appropriate range of 
wavelengths. The colour of the light source (i.e. the number and intensity of the wavelengths contained) 
producing maximum contrast will depend on the interference colour and the angle of observation. A simple 
method of achieving this effect is to place the surface to be observed against a coloured background, and 
view the background reflected in the surface. Correct choice of the background gives rise to a large 

10 increase in contrast between the original colour and the target material layer colour. 

When observing the colour change without resorting to sophisticated equipment. It has been found that 
in some cases the maximum sensitivity is obtained by viewing at other than normal incidence (90*). The 
optimal viewing angle is determined by the voltage of anodizing and the thickness of the anodic film which 
is preselected for the specific end use. The interference effect of thin films is angular dependent because 

is the change of colour observed when a target material binds to the device is dependent on the optical 
thickness of the transparent layer (i.e. the refractive index multiplied by the physical thickness). The 
effective optical thickness increases as the angle of incidence of the light falling on the surface increases 
and the ratio of the reflected to the refracted light increase. The colour observed consequently depends on 
the angle at which the surface is observed. Also the interference effect at all angles except 90* is different 

20 for the p and s polarizations, so that a polarizing filter can be used to block out light that has a less 
observable change. 

When using the test device of the invention, the device can be dipped into a sample fluid or a drop of 
the fluid can be dropped onto the porous surface of the device. After an appropriate time to allow binding to 
take place, the sample fluid can be washed off and the device allowed to dry. The device is then viewed in 

25 the manner stated to check for any observable colour changes. 

For a further understanding of the invention, examples of structures embodying the present invention 
and apparatus for viewing the colour change effects are shown in the accompanying drawings. 

Rg. 1 is a cross-section of a layered structure 10 consisting of a substrate 11 made, for example, of 
glass or plastic, a thin sputtered layer 12 of tantalum, and a layer 13 of sputtered aluminum. The layer 12 is 
00 thick enough to ensure that at least 250A remains unconsumed after the anodization step in order to 
guarantee the generation of the desired colour. The thickness of the aluminum layer 13 must be such that, 
following its anodization, it is also appropriate for generating the required colour, and thicknesses up to 
3000A (following anodization) are normally suitable. 

Figs. 2 and 3 show the structure following the porous anodizing step. The aluminum layer 13 of Rg. 1 

26 has been completely converted into a porous anodized aluminum oxide-containing layer 14. The an- 
odization has also consumed some of the tantalum at the upper surface of the tantalum layer 12 to form a 
very thin barrier layer 15 of tantalum oxide. 

As shown in Rg. 4. following the anodization step, a reagent material, described hereinafter as an 
antibody, is applied to the surface of the porous anodized layer 14 to form a coating 17 (which may be only 

40 a single molecule thick). The coating 17 covers both to the outer surfaces 18 of the porous layer and also 
the interior surfaces 1 9 of pores 20. 

The resulting structure is capable of generating a colour by a light interference and absorption effect as 
shown in Rg. 4. Light reflected from the upper surface 21 of the antibody-coated porous layer 14 (ray A) 
interferes with light reflected from an interface 16 between the aluminum and tantalum oxides (ray B) and 

45 the upper surface of the metal 12 (ray C). This interference is enhanced by light absorption which takes 
place at the tantalum metal/tantalum oxide interface, which has the effect of making the intensities of rays 
A, B and C more equal so that their mutual interference is stronger and the generated colours are more 
intense. This absorption effect is characteristic of the colour-generating metals mentioned above and is the 
reason why these metals are capable of generating such intense colours. 

50 Rg. 5 shows the same structure as Rg. 4 but following immersion in a fluid sample containing an 
antigen for tfie antibody. The antigen becomes tightiy attached to the antibody to form an antibody-antigen 
complex. Thus a second coating 22 is formed on the porous layer and this affects the optical properties of 
the structure in two ways. Firstly, because the coating 22 enters the pores 20. it changes the average 
refractive index of the layer 14. Secondly, since the antigen has also bonded to the antibody on the outer 

55 surface 18 of tiie layer 14, it has effectively increased the physical tiiickness of this layer. Botii these 
changes increase the effective optical thickness of the layer 14, and a noticeable colour change is 
produced. The colour change consequently demonstrates the presence of the antigen in the sample fluid. 
Since the antibodies will bind only with one particular antigen, the test device is very selective as well as 

5 
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show two devices which facilitate ^^^^^^^f^. , ^ox 61 having a viewing window 62 at one end 
The apparatus 60 shown .n Rg. 6(J cons ste ^ox ^ n g ^^^^ ^^^^^.^^ 

pennitting an obsen/er 63 to look mto the f , chosen to reflect the maximum 

the window 62 is arranged at an ^Tdow etc.) onto a device 65 according to the 

light from a suitable source (e^. overhead l^ht desk ^pjj . f ^ ^^^^^^ ,^ ^^^^ 

invention positioned horizontally wrOim the '^l^^lr!^'^^'^ ^ below the horizontal. This angle 4> is 
of 15-50* . The upper wall 67 ^I^Jl^^ fz L thTfengti of the bottom wall 66 such that only 
chosen in accordance with the sae » f viTe 6^^) t^e eye of the observer. The window 62 is 
light striking end wall ^^'^l^^^^^ Te ori^S *e wind'ow is chosen to give the ma>dmurn 
preferably polarizing and can be ra^^. ^^^^'Zte of the device 65 (normally drops of the sample 
intensity differential between reacted ^d ""^^ff^ ° „ nroducing reacted and unreacted parts of 
solution are placed on the test device 65 and are , ,emova^ of the device 65) may 

the device). Opening 68 (which is *° ^^"^^^ to act as a filter to 

optionally be covered with a transparen J^^f^r vSg 0^5^ device. End wall 64 may be provided 
transmrt coloured light into the -nten^^^^^^ ^rflT^ted^flective mirror (e.g. silver or alumirjum 

with a reflective device 69. which may a toP ^urt^^ ^.^^^ ^^^^^^^ ^,^3 

s,««ed col«.= a. *. partato l*para<« of Fig. m except that ctevico 69 Is In Oite 



may be employed. 
EXAMPLE 1 



Blodgett (L-B) film on the detector surfaces. ^ ^ ^^^^^ 2000 

Detectors of the type shown in Rgs. 2 or 3 were ^"^^ ^ ^ ^ p„ j^e Ta. anodizing the 

„ A onto a glass support. t^^«" ^/"^^Snint^M H,Po' S pfodSe an anodized layer comprising 2400A 
aluminum at 20 V in an electrolyte <^°"ta.n ng 0^ H3PO* to^^^^^ ^^.^^ 

Iht. «e«ors a™ sonsM« to mioKnasa change of aa l«e as 27i. 

40 

EXAMPLE 2 

This example illustrates that muKiple colour and intensity shifts are obsen^ed when the thickness of an 
45 organic layer is increased on the f^^^^J^l'^^^^^a one was coated with an L-B film of stearic acid 

so colour generated. 
EXAMPLE 3 

This E^mple illustrates the detection of an adsorbed layer of protein (specifically an IgG antibody). 
Three different detectors were produced according to the followmg: 
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Detector 




Parameter 


A 


B 


C 


Al thickness 
Ta thickness 

Support 

Anodizing conditions 
AI2O3 thickness 
TazOs thickness 
Colour (75* from normal) 
Colour (16* from normal) 


1800 A 

20obA 

glass 

20V;0.4M H3PO4 

2400A 

340 A 

yellow 

red 


2200A 
2000A 
glass 

4V:0.4M HaPO* 

2860A 

68 A 

tan 

colourless 


I200A 
2OOOA 
glass 

4V;0.4M H3PO4 

1560A 

68 A 

tan 

colourless 



75 The detectors were each coated with 2-4 ug/cm^ (nominal surface area) of IgG (rabbit raised 
antiprothrombin). The detectors were viewed at angles of 15* from normal and 75* from normal and the 
following results were observed. 





Detector Colour Changes 


Viewing Angle 


A 


B 


C 


15* from normal 


red — dark purple 


no change 


no change 


75' from normal 


yellow -* blue 


tan — dark purple 


tan — dark purple 



30 



When IgQ was added to these types of detectors a colour change was observed. This Indicated that the 
protein was adsorbed and It changed the optical thickness of the film. 



EXAMPLE 4 



35 



This Example illustrates the detection of an adsorbed layer of protein (not an antibody). 

Detectors identical to those in Example 3 were formed and each was coated with 3-7 tig/cm^ (nominal 
surface area) of human prothrombin. The detectors were viewed at 15* and 75* from normal and the 
following colour changes were observed. 



40 



45 



50 



Detector Colour Changes 


Viewing Angle 


A 


B 


C 


15* from normal 


red — dark purple 


no change 


no change 


75* from nornrial 


yellow blue 


tan light purple 


tan — light purple 



When a protein (not an antibody) is adsorbed to the detector, a colour change occurs. This indicated 
that the adsorbed protein changes the optical thickness of the film. 



EXAMPLE 5 



This Example illustrates how the thin film detectors of the invention can be used to detect antigens in 
solution. This is accomplished by capturing specific antigens on antibodies immobilized on the surface of 
55 the detector. 

Two detectors were produced, as follows: 



7 
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Al thickness 
Ta thickness 
Support 

Anodizing conditions 
AI2O3 thickness 
TaaOs thickness 
Colour (15* from normal) 
Colour (75* from normal) 
Protein Layer 
Colour (15' from normal) 
Colour (75* normal) 



" !gG antiprothrombin 
- nominal surface area 



2200 A 
2000 A 
glass 

4V;0.4M H3PO4 
2860 A 
68 A 

colourless 
tan 

4.6ug IgGVcm^** 

Purple 

Colourless 



1200 A 
2000 A 
glass 

4V; 0.4M H3PO4 
1560 A 
68 A 

colourless 
tan 

2-3aglgGVcm2- 

Purple 
Colourless 



20 



rS^^om norma, and the following colour change was observed. 



25 





Detector Colour Changes 


Viewing Angle 


A 


B 


75* from normal 


purple blue 


purple blue 



30 



can be used for detection of immune complexes. 



35 



EXAMPLE 6 

serum albumin. 

Several detectors were produced, as follows: 



45 



50 



55 



Al thickness 
Ta thickness 
Support 

Anodizing conditions 
AlzOa thickness 
TaaOs thickness 
Colour (75* from normal) 
Protein 1 
Protein 2 

Colour (15* from nonmal) 
nominal surface area 



1200 k 

2000 A 
glass 

4V; 0.4M H3PO4 
1560 A 
68 A 

Imiprothrombin (3 ug/cm^) or non-immune IgG (3 n g/cm^') 
bovine serum albumin (800 \x g/mL) 
deep blue 



™e do»«»s «e» e.po.»i .o a so,u«o„ o, pro,h™„«ln ,100 a^n^U tor ,5 B,c.^ ma^ril 



8 
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was removed and the slide was washed and dried. When viewed at 75* from normal the colour where the 
immune complex formed (i.e. antiprothrombin coated surface) was light blue. The control surface (i.e. non- 
immune IgG) showed no colour change. 

This demonstrated the detection of an immune complex when the protein adsorbed to the surface is an 
5 antibody and when a second protein (bovine serum albumin) is used to mask the surface. 

EXAMPLE 7 

10 This Example illustrates the use of these films for detection of immuno complexes when an antigen is 
adsorbed to the surface. 

Several detectors were produced, as follows: 



Al thickness 


1200 A 


Ta thickness 


2000 A 


Support 


glass 


Anodizing conditions 


4V; 0.4M H3PO4 


AlaOa thickness 


1660 A 


Ta2 05 thickness 


68 A 


Colour (75* from nomnal) 


tan 


Protein 


prothrombin (5 ug/cm^) 


Colour 


deep blue 



The detectors were exposed to a solution of anti-prothrombin (100 ug/mL) of nonimmune IgG (100 
ug/mL) for 15 minutes. Excess material was removed and the slides were washed and air dried. \A^en 
viewed at 75* from normal the colour where the Immune complex formed Ci.e. exposure to antiprothrombin) 
changed to light blue while the control areas (nonnmmune IgG) did not change colour. This demonstrates 
30 the use of these slides to monitor antibody levels in a solution through an Immune complexation with an 
immobiliEed antigen. 

EXAMPLE 8 

35 

This Example illustrates how the device can be tuned through modulation of the non-porous/porous 
structure of the thin film device. This allowed the differentiation of adsorbed protein layers through control of 
the interference pattern generated. 

A number of detectors were produced according to the following: 





Detector 


Parameter 


A 


B 


Al thickness 
Ta thickness 
Support 

Anodizing conditions 
AlaOa thickness 
TaaOs thickness 
Colour (15* from normal) 
Colour (75* from normal) 


2000 A 
1500 A 
bright foil 
4V;0.4M H3PO4 
2600 A 
68 A 
tan 
blue 


2000 A 
1500 A 
bright foil 
20;0.4M H3PO4 
2600 A 
340 A 
dark tan 
blue/grey 



55 Solutions containing 500 ug/mL of either human serum albumin (globular; 68.000 MW). human 
prothrombin (cylindrical (108 x 27A; 68.700 MN/V). a rabbit IgG (globular; 150.000 MW) were added in 10 u 
L portions to a clean portion of surface on each detector. The colour changes observed for each protein 
were as follows: 

9 
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Protein 
human serum albumin 



prothrombin 

ige 



light blue 
— medium blue 



very light grey 
— medium grey 



30 



35 



40 



^^r. <'"-X'll~™»S »r4rJ, laG did no,. o,e»i, dennons^a^d a 
,r;.or ^"Scn an ,n,.»e - 



Claims . 

, . „n ... dia^c d^ce capa.. o, de»c.n, prasenaa o, a ^ ' 
^ ;.°^SSSrarcr-?r,STa w.en co^-ad a *anapa.n. ... o. 

suitable thickness; ^ ,,..^:n„m oyide overlying said colour-generating metal; and 

: sr^-cr.'ii^rsTia™ ^ ^ --^^ ' 

(14) on said anodic film; combined thickness that a colour change 

?-A d™^- SSrrtnarac^H^d ,n *a, ^ ma», capa.,a gan«a«n. a co^ .a a 
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"%-;sr:si»%"rrd2jr.« L^'tsi in. . n^^a «, .aa,.. 0- 

™1- A davica acco«.n9 » an, P<«=ad,ng c,a,m c,wa«aH^ m «.a. aaid pon«. anodic m. (14, has a 
"°^L?a S^t^rp'^cadin, =«m. c.a,«^J^n «,a, a^d po^ua anodic „m ,U, has a 
Wdcnasa suiBb.0 10. ,na g»»ra«on ol llret or ^^^^|„ „^ ,,id porous anodic «im (U) is a 

,0. A d«-ica acconfng to any "^"^'''^"^^^^ anodizabla alumlnun. ailoy. 
mm wi** has (»an producad », P«°^°f ^'g^.J^^ Tia. said poro.^ anodic «im (U) Is 
^ r^^C^lS ZS^ZS:^ .V a harna, anod. o, an o«a o, sa. 

colour-generating metal. ^.^^^^ino claim characterized in that said reagent is one member of a 

JnVp^-^SS l^d^aSS:?. enzymo^Ptor. „p.o., P™- 

pratain and a^din^jlotln binding pairs. ^ ^ ^ antibody. 

]l 1 S r rg fo ~ad .n th. ^ raagan, is a monocion. anybody. 
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15. A device according to any preceding claim ciiaracterized in that said coating (17) is a single 
molecule tliick. 

16. A device according to any preceding claim characterized in that the thickness and porosity of said 
porous anodic film (14) are so chosen in view of the properties of said reagent and said specific organic 

5 material that said colour change is effectively maximized. 

17. A process for producing a thin film diagnostic device capable of detecting the presence of a specific 
organic material in a sample solution, characterized in that said process comprises: 

providing a layer (1 2) of an anodizable metal capable of generating a colour when covered by a transparent 
layer of suitable thickness; 

10 providing a coating (13) of aluminum or an anodizable aluminum alloy on said metal capable of generating a 
colour to a thickness suitable, following conversion to an oxide of said material, for colour generation; 
porous anodizing said material to consumption to form a porous anodic film (14); and 
coating the resulting porous anodic film (14) with a reagent capable of binding with said specific organic 
material from said sample solution. 

IS 18. A process according to Claim 17 characterized in that said anodization is carried out at a voltage of 
up to 150V. 

19. A process according to Claim 17 characterized in that said anodization is carried out at a voltage of 
from 4V to 20V. 

20. A process according to Claim 17, Claim 18 or Claim 19 characterized in that said anodization is 
20 carried out In an electrolyte containing an acid selected from phosphoric acid, sulfuric acid, oxalic acid and 

mixtures thereof, 

21. A process according to any one of Claims 17 to 20 characterized in that said layer (12) of metal 
capable of generating a colour Is provided by sputtering or evaporating said metal onto a suitable support 
(11). 

25 22. A process according to any one of Claims 17 to 21 characterized in that said coating (17) of said 
material is provided on said metal capable of generating a colour by a sputtering or evaporating technique. 

23. A process according to any one of Clams 17 to 22 characterized in that said reagent is coated on 
said porous anodic film by forming a solution of said reagent in a suitable solvent, coating the solution onto 
the porous anodic film, allowing the coated solution to stand and then removing the coated solution from the 

30 porous anodic film. 

24. A process according to any one of Claims 17 to 23 characterized in that said anodizable metal 
capable of generating a colour is Ta. Nb, Ti, Zr, Hf, V, W.'Mo or an alloy thereof. 

25. A process according to any one of Claims 17 to 24 characterized in that said reagent is one 
member of a binding pair selected from antibody-antigen, enzyme-substrate, enzyme-receptor, toxin- 

35 receptor, protein-protein and avidin-biotin binding pairs. 

26. A process according to any one of Claims 17 to 25 characterized in that said aluminum or 
anodizable aluminum alloy is coated to such a thickness, and wherein the porous anodization of said 
material is carried out in such conditions that in view of the properties of said reagent and said specific 
organic material, the colour change obtained when said specific organic material binds to the resulting 

40 device is effectively maximized. 

27. Apparatus for viewing a thin film diagnostic device, characterized in that said device comprises a 
hollow elongated body (61 ) having a viewing window (62) at one longitudinal end, a light deflecting surface 
(69) at an opposite longitudinal end. an opening (68) to permit the entry of light and a support (66) within 
said body capable of; supporting said thin film diagnostic device, said light deflecting surface (69) being 

45 positioned and orientated to deflect light entering said opening (68) onto said device, and said window (62) 
being positioned to view said light reflected from said device. 

28. Apparatus according to Claim 27 characterized in that said light deflecting surface (69) is positioned 
to deflect light onto said device at an angle of less than 90* , 

29. Apparatus according to Claim 27 or Claim 28 characterized in that said window (62) is provided with 
so a light polarizer, 

30. Apparatus according to Claim 27, Claim 28 or Claim 29 characterized in that said opening (68) is 
provided with a removable cover made of a coloured light-transmitting material. 

31 . Apparatus according to any one of Claims 27 to 30 characterized in that said light reflecting surface 
(69) is orientated at an angle of 10-75* from tiie horizontal. 

55 32. Apparatus according to any one of Claims 27 to 31 characterized in that said light deflecting surface 
(69) is formed by a light reflector or a light diffuser. 
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® A thin film diagnostic device capable of detect- 
ing the presence of a specific organic material in a 
sample solution. The device comprises a layer of an 
anodizable colour-generating metal (12) (e.g. tan- 
talum), a porous anodic film (14) containing alu- 
minum oxide overlying the colour generating metal 
(12), and a reagent capable of binding with the 
specific organic material forming a coating (17) on 
the anodic film. The porous anodic film (14) and the 
coating (17) have a combined thickness such that a 
colour change is produced when the specific organic 
material binds to the reagent to form a second 
coating (22). The device can be used to test for 
biological or synthetic products in samples taken 
from patients or other sources. 
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